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-- IDENTIFICATION OF S U N ' S  EMISSION LINES I N  THE 

SHORTWAVE REGION OF THE SPECTRUM ( A61100 i] 
(Otozhdes tv l en iye  l i n i y  i z l u c h e n i y a  S 6 l n t s a  v 

koro tkovolnoy o b l a s t i  s p e k t r a  f h< 1100 A )  

Geomagnetizm i Aeronomiya, * )  
Tom 11, No. 3,  425- 442, 
IZd-vo A. N.SSSR, 1962. 

ABSTRACT. 

by G. S. Ivanov-Kholodnyy 
G . M. Nikol ' s k i y  

Conducted is t h e  i n v e s t i g a t i o n  o f  180 out of  more o r  less  

225 emiss ion  l i n e s  o f  t h e  Sun observed  wi th  t h e  a i d  o f  r o c k e t s  i n  

t h e  r e g i o n  from 60 t o  1100 H .  The a n t i c i p a t e d  l i n e  i n t e n s i t y  w a s  

t a k e n  i n t o  accoun t ,  and a c r i t i c a l  a n a l y s i s  w a s  g i v e n  of t h e  iden -  

t i f i c a t i o n s  made e a r l i e r .  

Illhe s p e c t r a l  d i s t r i b u t i o n  o f  Sun ' s  shortwave energy was 
c o n s t r u c t e d .  riaxima were d e t e c t e d  i n  t h e  60 - 100 i wavelength 

r e g i o n  ( c o r o n a ) ,  t h e  200 - 450 
r e g i o n ) ,  and a l s o  i n  t h e  r eg ions  of  550- 650, 

The t o t a l  energy  o f  l i n e  emisz ion ,  c o n s t i t u t i n g  n e a r  t h e  

E a r t h  not l e s s  t han  15 erg/cm2 s e c ,  is e s t i m a t e d  for X 61100 i. 

i s  [N) / [Hf = 3 *low5. 

r e g i o n  (uppe r  p a r t  of t r a n s i t i o n  

750- 850,  950- 1050 1 

It i s  sho;.,n t h a t  t h e  r e l a t i v e  n i t r o g e n  c o n t e n t  i n  t h e  hun 

The compi l a t ion  of l i n e s  proposed i n  t h e  Tab le  a t  t h e  end 

or the  c u r r e n t  pape r ,  c o n s t i t u t e s  a t  p r e s e n t  t h e  most complete 

t h e o r e t i c a l  l ist  of wavelengths and i n t e n s i t i e s  o f  b r i g h t  l i n e s  

i n  t h e  shor twave  s p e c m m o f  the Sun. The r e s u l t s  o f  comparison 

o f  t h e  t h e o r e t i c a l  d a t a  of t h e  f o r e c a s t  w i th  t h e  

a r e  a l s o  brought  o u t .  

* )  a l s o  p r e s e n t e d  at t h e  Cospar Space s c i e n c e  Symposium, dash ington  
i n  May 1962. - 
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COVER-TO -COVER TRANSLATION 

I n  r e f e r e n c e  51.1 a l i s t  of n e a r l y  500 s p t , c t r d  l i n e s ,  

obse rvab le  i n  t h e  shortwave spec t rum o f  t h e  s u n  wi th  an i n t e n s i t y  

fundamenta l ly  g r e a t e r  t h a n  3 
p r e s e n t e d .  I n  t h e  c u r r e n t  paper we draw t h e  comparison o f  t h a t  

p r e d i c t i o n  wi th  t n e  a v a i l a b l e  expe r imen ta l  d a t a ,  and t h e  r e s u l t s  

o f  spec t rum i d e n t i f i c a t i o n  a r e  ana lyzed .  

ments of  s o l a r  r a d i a t i o n  i n  t n e  > & llOu i r e g i o n  were conducted 

and n e a r l y  200 emiss ion  l i n e s  were r e g i s t e r e d .  The unde r s t and ing  

o f  t h e  s o l a r  extreme u l t r a v i o l e t  spec t rum c o n s t i t u t e s  one of  

t h e  most i n t e r e s t i n g  problems s e t  up b e f o r e  a s t r o p h y s i c s  as a re-  

s u l t  o f  t h e  newest r o c k e t  i n v e s t i g a t i o n s .  Though many a t t e m p t s  

have been made t o  i d e n t i f y  t h e  observed  l i n e s ,  l e s s  t h a n  one h a l f  

o f  them p e r m i t t e d  a s u c c e s s f u l  c o n c l u s i o n ,  whi le  more t h a n  a h a l f  

o f  t h e  i d e n t i f i c a t i o n s  were c o n t r a d i c t o r y .  Z v i d e n t l y ,  one could  

a r r i v e  a t  f i n a l  conc lus ions  on ly  a f t e r  a n a l y s i s  o f  l i n e  i n t e n s i -  

t i e s ,  and t h i s  may on ly  be accoxp l i shed  i f  w e  have a c e r t a i n  under- 

s t a n d i n g  o f  p h y s i c a l  c o n d i t i o n s  i n  t h e  solar corona and i n  t h e  

t r a n s i t i o n  l a y e r  [13. 

+ 10 '3erg/cm2 s e c ,  has  been 

deg inn ing  wi th  1958, a number o f  s p e c t r a l  r o c k e t  measure- 

Yhe t a b l e  p r e s e n t s  a l ist  o f  p o s s i b l e  emiss ion  l i n e s  accor -  

d i n g  t o  t h e  p r o g n o s i s  of Ll], and d i sposed  i n  t h e  o r d e r  of  wave- 

l e n t h  i n c r e a s e  f o r  waves w i t h  t h e  i n d i c a t i o n  of t h e  i n t e n s i t y  

I o f  t h e  e m i t t i n g  i o n  n e a r  the  a a r t h ,  and t h e  number o f  t h e  l i n e  

i n  t h e  ca t a logue  [l}. i n  a s e r i e s  o f  most i n t e r e s t i n g  cases,computed 

were wavelengths of m u l t i p l e t  components, for which o n l y  boundary 

v a l u e s  of  wavelengths were brouyht o u t  i n  [l]. 
'i'he proposed l i n e  l i s t ,  found i n  t h e  "able below, i s  a t  

p r e s e n t  t h e  most complete t h e o r e t i c a l  l i s t  of  wavelengths and 

b r i g h t e s t  l i n e s '  i n t e n s i t i e s  i n  t h e  Sun ' s  shortwave spec t rum.  
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The r e s u l t s  of  com:)crison of t h e o r e t i c a l  d a t a  o f  t h e  f o r e c a s t  

w i t h  ex2er imenta l  d a t a  are a l s o  brought  ou t  i n  t h e  .Itable. The 

s i g n  r r + t l  i n  t h e  i d e n t i f i c a t i o n  column o f  t h e  Tab le  i n d i c a t e s  

t h e  r e l i a b l e  i d e n t i f i c a t i o n s  o f  t h e  observed  l i n e s ,  t 3 e  s i g n  l l - t t  

- t h e  absence o f  i d e n t i f i c a t i o n ,  and t h e  s i g n  r t + ? t r  - t h e  doubt- 

f u l  c a s e s ,  for which t h e  wavelengths  are a v a i l z b l e ,  b u t  t h e  theo- 

r e t i c a l  e s t i m a t e s  o f  i n t e n s i t y  a r e  more t h a n  by one o r d e r  l e s s .  

To compare wi th  t h e  experimentsbn t h e  spec t rum r e g i o n  

< 500 8 ,  one may p r e s e n t l y  u t i l i z e  o n l y  q u i t e  a l i m i t e d  amount 

of  d a t a  p r e s e n t e d  by r l ikeregger  [ 2 ,  33, and v i o l e t t  & Rense t43,  
which a r e  compiled i n  columns 6 - 9 o f  t h e  l ' ab l e .  The es t imate  

o f  expe r imen ta l  va lues  of l i n e s '  i n t e n s i t y  was c a r r i e d  o u t  accor -  

d i n g  t o  t h e  cu rves  p l o t t e d  i n  [ 2 ,  31. A t  t h e  same t ime ,  t h e  l i n e s '  

wavelengths ,  t aken  wi thou t  t he  corresponcding c o r r e c t i o n ,  a r e  e s t i -  

mated only  a p p r o x i n a t e l y .  P resen ted  a r e  i n  E43 o n l y  e s t i m a t e s  by 

s i S h t  o f  l i n e s '  i n t e n s i t y  i. 
For  t h e  f a c i l i t y  i n  comparing t h e  observed and f o r e c a s t  

l i n e s ,  we s h a l l  d i v i d e  t h e  whole s p e c t r a l  r e g i o n  i n t o  s e p a r a t e  

p o r t i c n s .  

S p e c t r a l  Region 20- 60 and 60- 80 i. I n  t h e  20 -  60 
r e g i o n  of t h e  spec t rum,  where t h e  l i n e  l i s t  f o r c a s t  by u s  beg ins ,  

s p e c t r a l  o b s e r v a t i o n s  a r e  a b s e n t .  I n  t h e  60 - 80 'A s p e c t r a l  r e g i o n  

o n l y  H i n t e r e g g e r  obse rva t i t  ns  a r e  a v a i l a b l e  K23, which a r e  base on 
a r a t h e r  rough a n a l y s i s  o f  pho toe lec t rons  [ 5 ) .  

66, 69, 74 and 83 H, n o t e d  on t h e  r e g i s t r o g r a m  For  maxima 

c 2 ,  51, co inc ide  w i t h  t h e  cor responding  most i n t e n s e  t h e o r e t i c a l  

l i n e s .  I t  i s  i m p o r t a n t  t o  remark, t h a t  t h e  t h e o r e t i c a l  i n t e n s i t i e s  

of  t h e  l i n e s  I ( 1 )  d i f f e r  from t h e  observed v a l u e s  I(2) o n l y  by 

1.5 - 3 t i m e s ,  i. e.  t h e y  a r e  mutua l ly  i n  good agreement.  

S p e c t r a l  r e g i o n  80 -250 i. Exper imenta l  d a t a  f o r  t h c t  

r e g i o n  a r e  a v a i l c b l e  i n  c 2 ,  53 
s e r i e s  of c a s e s .  iiowever, t o  all t h e  observed  b r i g h t  l i n e s ,  whose 

and (47, and t h e y  d i v e r g e  i n  a 
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wavelengths co inc ide  i n  [2, 51 w i t h i n  t h e  1 - 2 

correspond i n  t h e  'l 'able r e l i a b l e  i d e n t i f i c a t i o n s  . l i m i t s ,  

Except ions a r e  c o n s t i t u t e d  by 169 i, which p o s s i b l y  is 

by t h e  second o r d e r  b r i g h t e s t  l i n e  84 1, and t h e  l i n e  243 1, iden-  

t i f i e d  i n  c23 and c43 with  the  l i n e  HeII, f o r  which t o o  low an 
e s t i m a t e  w a s  ob ta ined  i n  Cl], j u s t  as t h i s  \ T a s  done f o r  t h e  b a s i c  

l i n e  HeII 304 i. An analogus p i c t u r e  i s  observed i n  r e s p e c t  t o  

t h e  t w o  o t h e r  l i n e s  HeII  237 , l  and 234.3 8, which homever were 

observed only  by V i o l e t t  and Rense L43 and were no t  observed i n  

C2, 51. 

l i n e  166 i, 
l i n e s  f o r e c a s t  i n  [I]. 

C e r t a i n  l i n e s ,  on ly  observed by V i o l e t t  and Rense C4], 

Aside from t h e  l i n e  180 l, and t h e  u n r e l i a b l e  i d e n t i f i e d  

all o t h e r  l i n e s  a r e  w e l l  i d e n t i f i e d  wi th  t h e  b r i g h t  

a l s o  co inc ide  with t h e  r d a t i v e l p  b r i g h t  l i n e s  o f  ou r  l i s t  (103.7; 

115.8; 171*1; 229.1 8 ) .  However, t h e  bulk o f  t h e s e  l i n e s  and t h a t  

r e g i o n  of spectrum a r e  im2ossible  t o  i d e n t i f y  (109.8; 113.6; 171.9; 
172.7; 234.b; 237.1 i) , al though i n  c e r t a i n  c a s e s  t h e y  a r e  a s c r i b e d  

i n t e n s i t i e s  i, equa l  even t o  1 0  and 20 ( t h e  minimum e s t i m a t e  i n  [4] 
is equal  t o  5i. One may assume, t h a t  when s t u d y i n g  spec t rograms,  

t h e s e  l i n e s  were a p p a r e n t l y  confused with s c r a t c h e s ,  sugges t ion  

which t h e  a u t h o r s  E43 make t h e c s e l v e s .  

L e t  us  no te  a s e r i e s  of  l i n e s  with wavelengths : 89.3 (FeXI) ,  

143 ( C a X I I ) ,  1 4 4 ( C f l V ) ,  162(cax111), 1 8 5 ( c a ~ v ) ,  187.7 ( = I ) ,  193 and 

197 (CaXIV), 246.0 (Si 
must be compara t ive ly  b r i g h t ,  bu t  t h e y  were n e i t h e r  observed i n  c21 

n o r  i n  c47. However, t h e  absence of t h e  g r e a t e r  p a r t  of t h e s e  l i n e s  

be longing  t o  Ca and A i o n s  t h a t  a r e  i n  v e r y  h igh  stages of  i on iza -  

t i o n ,  i s  n a t u r a l l y  exp la ined  by t h e  f a c t ,  t h a t  t h e i r  i o n i z a t i o n  tem- 
p e r a t u r e  i s  t o o  h i g h ,  while  t he  l i n e  i n t e n s i t y  must be s i g n i f i c a n t l y  

l e s s e r  t han  t h a t  i n d i c a t e d  i n  c13 as t h e  upper l i m i t .  An except ion  

is  c o n s t i t u t e d  by t h e  l i n e  89.3 (FeXI) ,  

f i c i e n t l y  wel l  determined,  appa ren t ly  on account o f  e x t r p o l a t i o n ,  

V I )  i. According t o  e s t i m a t e  [l], t h e s e  l i n e s  

whose wavelength w a s  i n s i f -  
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and a l s o  t h e  weaker l i n e  246 i. 
P r e s e n t e d  i s  i n  F i g . 1  t h e  

Lg llJl 
014 v a r i a t i o n  of  t h e  r a t i o  o f  expe r imen ta l  

t o  t h e o r e t i c a l  i n t e n s i t i e s  

as a f u n c t i o n  o f  i n  t h e  60-250 
I ( 2  1’ 5 1  1 

a. wavelength r e g i o n .  Excluding  t h e  r e g i o n  
a of t h e  spec t rum A > 200 i, one may s a y  

p- 
‘*.-I 

t h a t  t h e  a b s o l u t e  i n t e n s i t i e s  o f  most 

of  t h e  l i n e s ,  computed i n  El], d i f f e r  

from t h e  d i n t e r e g g e r  d a t a  E23 no more 

than  2 t o  3 t imes .  .xaking i n t o  account  

D IM] zoo 2”. R 
Fig .  1 

t h a t  i n  c a l c u l a t i n g  I a s e r i e s  of admiss ions  were made, t h e  

agreement of t h e  t h e o r e t i c a l  and expe r imen ta l  d a t a  of  i n t e n s i t y  

f o r  C 200 must be recognized  as ve ry  good, These v a l u e s  o f  

i n t e n s i t y  c o i n c i d e  as an average  w i t h  o t h e r  d a t a  o f  r o c k e t  measure- 

ments of  X-ray r a d i a t i o n  of  t h e  Sun, whose rev iew is a v a i l a b l e  in 

C3I* 
A c e r t a i n  s y s t e m a t i c  d i sp lacement  o f  p o i n t s  w i th  wavelength 

i s  observed  i n  F ig . l .However ,  t h e  p o i n t s  l a y  w i t h i n  t h e  bounds of  

computed e r r o r s ,  znu t h a t  course  may be a t  random wi th  t h e  excgp t ion  

of t h e  r e g i o n  A > 200 1, t o  be cons ide red  below. 

Thus,  i n  t h e  60-  250 1 s p e c t r a l  r e g i o n  a l l  t h e  r e l i a b l y  

obse rved  l i n e s  ( a s i d e  from A 169 i) 
o f  t h e  l ist  Cl], and v ice -ve r sa ,  all t h e  f o r e c a s t  b r i g h t  l i n e s  

a r e  b e i n g  observed .  A t  t h e  same t i m e ,  t h e  t h e o r e t i c a l  and experimen- 

t a l  r e l a t i v e  and a b s o l u t e  e s t i m a t e s  of l i n e s ’  i n t e n s i t i e s  b a s i c a l l y  

c o i n c i d e .  

a r e  i d e n t i f i e d  wi th  t h e  h e l p  

S p e c t r a l  Region 250 - 500 1. Comparison may be drawn i n  

t h a t  r e g i o n  wi th  t h e  new, more d e t a i l e d  spec t rum r e g i s t r a t i o n s  

o b t a i n e d  by H i n t e r e s g e r  E31 w i t h  t h e  a i d  o f  a d i f f r a c t i o n  s p e c t r o -  

g raph  of  higher r e s o l u t i o n ,  than  than  a p p l i e d  e a r l i e r  [ 2 ,  5 1  



It r e s u l t s  t h a t  all i s  be ing  r e g i s t e r e d ;  even t h e  s m a l l e s t  r r b u r s t s r r  

i n  t h e  examined s p e c t r a l  r eg ion  of [3] a r e  s e l l  i c e n t i f i e d  w i t h  t h e  

compara t ive ly  b r i g h t  l i n e s  i n  [l]. The e x c e p t i o n  c o n s i s t s  i n  s i x  
u n r e l i a b l y  i d e n t i f i e d  we& m a x i m a  : 

( f r o m  t h e  t o t a l  number o f  55 l i n e s  i n  t h a t  r e g i o n  of  t h e  spec t rum) .  

However, i t  must be no ted ,  t h a t  a l t hough  we a s c r i b e d  t h e  v a l u e s  of 

c e r t a i n  r e a l  l i n e s  t o  numerous f i n e  " b u r s t s "  i n  H i n t e r e g g e r ' s  r e g i s -  

t rogram c33, t h e y  may i n  a s e r i e s  of c a s e s  have been l i n k e d  wi th  

non- regu la r  background v a r i a t i o n s  or w i t h  some o t h e r  e f f e c t s  o f  t h e  

a p p a r a t u s  . 

379,420, 441, 456, 463, 494 1 

A g r e a t  number of  b r i g h t  l i n e s ,  f o r e c a s t  i n  t h a t  r eg ion  o f  

t h e  spec t rum,  was a l s o  ob ta ined  by V i o l e t t  and Kense C4]. Fiowever, 

some o f  t h e  S r i g h t  l i n e s  f a i l e d  t o  r e g i s t e r :  249, 278, 313, 316, 
321, 349 and 404 8. P a r t i c u l a r l y  s t r a n g e  was t h e  absence  o f  q u i t e  

b r i g h t  l i n e s  285, 359 and 368 i. Together  w i th  t h a t  t h e r e  a r e  i n  C43 
l i n e s  261.2; 280.0; 372.2; 477.4 1, which are .  n o t  r e v e a l e d  i n  t h e  

H i n t e r e g g e r  r e g i s t r o g r a m  [SI, a l though  t o  l i n e s  280.0 and 372.2, 
and p o s s i b l y  261.2 cor rezpond r e l a t i v e l y  b r f g h t  l i n e s  i n  t h e  l i s t  o f  

[I], as t h i s  may be s e e n  from t h e  Tab le  below, $#e a g a i n  r e a c h  t h e  

c o n c l u s i o n  t h a t  t h e  d a t a  o f  [47 a r e  n o t  a l a a y a  r e l i a b l e ,  a l t hough  

i n  t h e  r e g i o n  250- 500 1 on ly  c e r t a i n  l i n e s  i n  t h e  l i s t  E43 are 
f a l s e ,  f o r  all t h e  l i n e s  excep t  477.4 1 are i d e n t i f i e d .  r ' i n a l l y ,  

l e t  u s  n o t e  s t i l l ,  t h a t  t h e  r a t h e r  b r i g h t  l i n e  330 ( F e X I I I ) ,  f o r e -  

c a s t  by u s ,  was observed n e i t h e r  i n  [3], n o r  i n  E43. T h i s  i s  p o s s i -  

bly l i n k e d  wi th  poor i n t e r p o l a t i o n  of  t h e  wavelength*) ,  o r  with an 
i n c o r r e c t  e s t i m a t e  of t h e  maznitude of  t h e  a s c i l l a t o r ' s  s t r e n g t n .  

From t h e  t o t a l  number of  59 l i n e s ,  49 a r e  i d e n t i f i e d  wi th  s u f f i c i e n t -  

l y  b r i g h t  f o r e c a s t  l i n e s ,  and on ly  3 a r e  u n i d e n t i f i e d .  

* )  An e x t r a p o l a t i o n  conducted by a n o t h e r  method gave i n  t h i s  u n r e l i -  

a b l e  case  *350 it, which is n e a r  t h e  ' b r i g h t  l i n e  352 8.  
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I n  s h o r t ,  one may s t a t e ,  t h a t  as a whole, t h e  agreement 

o f  t h e  observed  and p r e d i c t e d  l i n e s  f o r  t h e  250 -500 r e g i o n  

of  t h e  spec t rum is q u i t e  good, w i t h  t h e  o n l y  e x c e p t i o n  of sepa-  

r a t e  c a s e s .  

S p e c t r a l  Region 500-1100 1. The examinat ion  o f  t h e  d a t a  

o f  t h e  Table  t h a t  fo l lows  shoxs ,  t h a t  t h e  d i sc repancy  of e x p e r i -  

menta l  d a t a  by H i n t e r e g g e r  [33 and Rense & V i o l e t t  [4] i s  g r e a t e r ,  

and t h e  i d e n t i f i c a t i o n  i n  t h a t  r e g i o n  of  t h e  spec t rum is  p o o r e r  

t h a n  i n  t h e  s p e c t r a l  r e g i o n  250- 500 A .  Thus, o u t  o f  84 l i n e s  

observed  i n  C43, on ly  53 cor responding  l i n e s  could  be found f o r  63 
i n  t h e  reg is togram.  A t  t h e  same t i m e ,  13 f a i r l y  b r i g h t  l i n e s  f a i l e d  

t o  r e g i s t e r  i n  [J]: 525.8; 580.6; 614.g; 644.9; 707.9; 855.4; 
940.9; 964.5; 970.1; 1022.0; 1030.3; 1051.4; 1058.7 1, a l though  

44 l i n e s  could  be n o t i c e d  i n  t h e  Hin te regge r  r e g i s t o g r a m  [3], and 

among them many v e r y  b r i g h t  ones (521 ,  529, 540, 569, 622, 729, 771, 
786, 877, 880, 949, 999, 1006, 1080 1 and o t h e r s )  t h a t  were not 
obse rved  by V i o l e t t  and Rense. P u r c e l l  & al C61 and Friedman [7] 
p o i n t e d  t o  s e p a r a t e  examples o f  non-correpondence between t h e  

spec t rum i n  C4] and s p e c t r a  for 
a s p e c t r o g r a p h  wi th  a normal i n c i d e n c e  and h i g h e r  r e s o l u t i o n .  

Spec t rograms wi th  good d e n s i t y  and h igh  r e s o l u t i o n  were r e c e n t l y  

o b t a i n e d  by Detwi l e r .  k u r c e l l  and Tousey L87. However, t h e s e  s p e c t r o -  

grams have n o t  been processed  y e t .  I n  a s e r i e s  o f  c a s e s  t h e y  may 

prove  u s e f u l  i n  med ia t ing  c o n t r o v e r s i a l  Q u e s t i o n s  between t h e  Vio- 

l e t t  & Rense E43 and t h e  Hin te regge r  d a t a  [ 3 ] .  I n  p a r t i c u l a r ,  near- 

l y  all t h e  i n d i c a t e d  b r i g h t  l i n e s  r e g i s t e r e d  i n  C3], b u t  n o t  n o t i -  

ced  i n  [4], may be found i n  t h e  r e p r o d u c t i o n s  o f  spec t rog rams  from 

LS], wi th  t h e  e x c e p t i o n s  of t h e  l i n e s  540 and 569 H. 
t i m e ,  among t h e  above-mentioned 13 b r i g h t  l i n e s  o f  c47, not obser -  

ved i n  c33, on ly  weak l i n e s  1022.0 and  1030.3 may be observed  i n  t h e  

spec t rog ram o f  De twi l e r  & al[8], 

? 500 i, ob ta ined  by means o f  

A t  t h e  same 

which a r e  s i t u a t e d  i n  t h e  wings 

o f  t h e  b r i g h t  l i n e s  L) 
r e g i s t r a t i o n  d i f f i c u l t .  . i e s ides ,  t h e  i n d i c a t e d  l i n e s  a r e  e i t h e r  

and 1037 A,which makes t h e i r  p h o t o e l e c t r i c  
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n o t  i d e n t i f i e d  a t  all, o r  have,  w i th  t h e  excep t ion  of  525.8 A ,  

a ques t ionab le  i d e n t i f i c a t i o n .  

L e t  us p a s s  now t o  t h e  examination o f  t h e  r e s u l t s  o f  iden-  

t i f i c a t i o n s  i n  t h e  AX 500- 1100 reg ion ,  F i r s t  o f  a l l  we s h a l l  

c o n s i d e r  t h e  l i n e s  observed i n  common by V i o l e t t  & Rense 1141 
Hin te regge r  [SI. i .ost  o f  them (43 )  are i d e n t i f i e d ,  and a t  t h e  same 

t ime f o u r  l i n e s  (606,  617, 695, 737)  a r e  of  o r d e r  11, while  t h r e e  

(503, 852-  855 and 912 A )  a r e  l i n e s  of t h e  I11 orr?er  of t h e  spec-  

t r u m .  S t i l l  two s t r o n g  (914 and 1018 i) a n d s e v e n  o t h e r  l i n e s  (578,  

652, 752, 811, 818, 829 and 961 1) 
i d e n t i f i c a t i o n  has  been found as y e t .  

and 

remain,  f o r  which no p r o p e r  

A l l  b r i g h t  l i n e s  of  t he  Hin te regge r  r eg i s t rog ram have an 

i d e n t i f i c a t i o n ,  provided they  are n o t  l i n e s  i n  t h e  second (569,  670 
720 1) o r  t h i r d  (745,  999, 1006, 1080 1) 
1 2  weak l i n e s ,  o f  which f i v e  c o n s t i t u t e  a compact group 868- -887 1, 
cou ld  n o t  be i d e n t i f i e d .  Genera l ly ,  i n  t h e  narrow reg ion  o f  t h e  

spec t rum 846 - 925 1, where the Layman continuum and t h e  s t r o n g  

a b s o r p t i o n  band of  t h e  molecular  n i t r o g e n  r each  [8], out  o f  15 
l i n e s  r e g i s t e r e d  i n  C33, only  two - t h r e e  a r e  r e l i a b l y  i d e n t i f i e d ,  

t h e  remaining l i n e s  appear ing  t o  be appa ren t ly  fa lse .  

o r d e r  of  t h e  spectrum. 

Gut o f  2 1 l i n e s ,  observed only  by V i o l e t t  and Rense, on ly  

10  a r e  r e l i a b l y  i d e n t i f i e d .  Xowever, f o r  a s e r i e s  of  l i n e s  t h i s  

i d e n t i f i c a t i o n  may even be a c c i d e n t a l ,  f o r  t h e  co inc idence  by wave- 

l e n g t h s  took  p l ace  with l i n e s ,  whose t h e o r e t i c a l  i n t e n s i t y  is much 

lower  t h a n  t h a t ,  which may be observed ,  except  f o r  t h e  t h r e e  c a s e s  

525.8, 572.9 and 834 i. 

o f  t h e  spectrum, 91 a r e  i d e n t i f i e d .  Among them 1 2 - 1 4  a r e  l i n e s  i n  

t h e  I1 and I11 o r d e r s  of  t h e  spectrum. However, 33 i d e n t i f i c a t i o n s  

a r e  l i n k e d  with l i n e s  of  Cl] t h a t  are t o o  weak - of  t h e  o r d e r  of  

0.001 - 0.005 erg/cm s e c  ( anno ta t ed  by t h e  sign +? ). A t  t h e  same 

I n  t h e  aggrega te ,  ou t  o f  1 2 8  l i n e s  of t h e  500-1100 L! reg ion  

2 
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90 l i n e s  were i d e n t i f i e d  i n  the  r e g i o n  of  t h e  spec t rum 
o u t  of which on ly  1 2  were doub t fu l .  

G 5 O O  A ,  

L e t  us make s e v e r a l  remarks concerning t h e  i d e n t i f i c a t i o n  

c a r r i e d  o u t  by us, and l e t  us  compare i t  with t h e  r e s u l t s  o f  o t h e r  

a u t h o r s .  

There a r e  i n  t h e  V i o l e t t  and Rense work c 4 ] ,  55 i d e n t i f i c a -  
t i o n s ,  among which, acco rd ing  t o  ou r  c a l c u l a t i o n s  o f  i n t e n s i t i e s  E l ] ,  
on ly  29 of  t h e  reg ion  A < 1100 A may be cons idered  as s a t i s f a c t o r y ,  
w i th  f o u r  o f  them doub t fu l  ( a n d  marked by t h e  s i g n  ? >  : 

150,l (OVI); 172,9 (OVI); 184,l (OVI); 279,6 (OIL'); 
303,8 (HeII); 374,l (OIII)?; 419,5 (CIV); 525,s (OIII)?; 537,O (HeI); 539.1 
(011); 554,l (OIV); 384,3 (HeI);  608,4 (OW); 609,8 (OIL'); 625.1 (OIL', 
Mg X)?; 629,7 (OV); 703,3 (0111); 790,2 (OIV); 833,7 (011,0111);83~,2~0111)~; 
903,6 (CII): 972,5 (MI): 977,O (CIII); 989,8 (N 111); 1025,7 (HI); 1031,g (01'1); 
1037,6 (OVI); 1040,C (01); 1085.1 (K 11). 

Ea r l i e r ,  we i d e n t i f i e d  i n  [9] t h e  l i n e s  SVI (345 and 934 i); 
S i X I I  (499 1) and NeVII (464 i). 

Hineregger  b r i n g s  o u t  i n  h i s  r eg i s t rog ram [ 3 ]  t h e  i d e n t i f i -  

c a t i o n  of 63 l i n e s  i n  t h e  250-1100 

o u t  of  which only  27 must be recognized as c o r r e c t  by way o f  compa- 

r i s o n  w i t h  the  t h e o r e t i c a l l y  expec ted  i n t e n s i t i e s  [l]. 
t h e  Layman s e r i e s  

among t h e  number of i d e n t i f i e d  l i n e s  by a u t h o r s  

t h e  fo l lowing  confirmed i d e n t i f i c a t i o n s  : 312.4 (C IV) ; 521.1. ( S i  

r eg ion  o f  t h e  spectrum, 

Aside from 

8 ,  and 1 7  l i n e s ,  H5mteregger p o i n t s  9 y , 4 and 
' 

and c-3, to 

X I I ) ;  761 (OV); 765.1 (N I V ) ;  780.3 (Ne VI111 ( f o r  t h e  l i n e  944.5 A 
S I V  w a s  e r roneous ly  i n d i c a t e d  i n s t e a d  o f  S V I ) .  

f i c a t i o n s  i n  t h e  500 -1100 1 spectrum r e g i o n ,  c o r r e c t l y  made i n  

[ 3 ,  4, 93, a r e  i n d i c a t e d  and bes ides ,  t h e  fo l lowing  a r e  added : 

7 7 0  (Ne v111); 786.5 (S VI ?; 787.7 

On the D e t w i l e r  R d . 1 ~  spec t rogram C81, a s e r i e s  o f  i d e n t i -  

L? ' 1012*6 ' (0 IV) ;  Lg , 
(S 111); 1062.7 ( S  IV) ?; 1073.3 t S  IV). 

I d e n t i f i c a t i o n  of  nea r ly  100 l i n e s  i n  t h e  500 - 2000 1 r eg ion  
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w a s  conducted by P u r c e l l  3( al IS]; f o r  A 41100 i, 35 s e p a r a t e  

l i n e s  and c l o s e  m u l t i p l e t s  a r e  i n d i c a t e d .  The fo l lowing  c o r r e c t  

i d e n t i f i c a t i o n s  e x i s t  among them, which d i f f e r  from t h e  above : 

1036.3 (C 11); 832-834 (0 11). A t  t h e  same t ime ,  t h e r e  a r e  13, l i n e s  

w i t h  unc on f irme d i d e  n t  i f i c  at ion  . 
It must be no ted ,  t h a t  on ly  t h e  c r i t e r i o n  o f  wavelength 

co inc idence  w a e  used i n  t h e  i d e n t i f i c a t i o n .  As we became convinced ,  

i t  does n o t  provide  c o r r e c t  i d e n t i f i c a t i o n s .  The f i n a l  approval  and 

t h e  s e l e c t i o n  of  c o r r e c t  i d e n t i f i c a t i o n s  must be c a r r i e d  o u t  on t h e  

b a s i s  o f  comparison o f  t h e  observed and expec ted  v a l u e s  o f  l i n e s '  

i n t e n s i t y .  Only wi th  t h e  h e l p  o f  t h e  l a t t e r  c r i t e r i o n  may one 

expec t  t o  o b t a i n  r e l i a b l e  i d e n t i f i c a t i o n s .  

As we completed t h e  manuscipt,  we r e c e i v e d  all t h e  materials 

o f  t h e  Li6ge As t rophys ica l  Symposium o f  1.960, i n  which t h e r e  are 

s e v e r a l  pape r s  devoted t o  t h e  i d e n t i f i c a t i o n  o f  shortwave l i n e s .  

I n  t h e  work b t  Allen [lOI, presen ted  a r e  n o t  on ly  t h e  i d e n t i f i c a t i o n s  

b u t  a l s o  t h e  r e s u l t s  of  computations f o r  96 l i n e s  and m u l t i p l e t s ,  

among which 67 belong i n  t h e  s p e c t r a l  r e g i o n  44 - 1100 1. A t  t h e  

same t ime comparison i s  made i n  El01 wi th  t h e  e s t i m a t e s  of i n t e n s i -  

t y ,  conducted v i s u a l l y  by t h e  spec t rograms . The t h e o r e t i c a l  computa- 

t i o n s  of i n t e n s i t i e s  a r e  based  upon t h e  u t i l i z a t i o n  o f  a s p e c i f i c  

model of t h e  chromosphere c o n s t r u c t e d  by s t e r  The d e p a r t u r e s  

between t h e  computed and observed i n t e n s i t i e s  (sometimes r e a c h i n g  

one o r d e r  o f  magnitude and more) are a s c r i b e d  t o  t h e  u n r e l i a b i l i t y  

of  visual  e s t i m a t e s ,  t h e  inaccuracy  of  t h e  knowledge of  c o n s t a n t s ,  

~ J A G  Lha I r u p r f e c t i ~ i i  uf tteoi-7. 

Among t h e  27 i d e n t i f i c a t i o n s  i n  t h e  r e g i o n  o f  t h e  spec t rum 

c i r r i e d  o u t  by Allen c l O T \ ,  w e  confirmed 20, among 

which on ly  t h r e e  were made e a r l i e r  by V i o l e t t  & Rense c4], by 

H i n t e r e g g e r  1-33 - o r  De twi l e r  & al c 8 1 ;  t h e y  a r e  : 570 (N V) ; 

687 (C I1 ); and t h e  d u p l e t  1068 h (S IV). 

A 4 1 1 0 0  
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The n i t r o g e n  l i n e  and 687 d ( C 1 1 )  were dropped i n  ou r  l i s t ,  
as be ing  t o o  weak, Excluding t h e s e  two l i n e s  and t h e  l i n e s  

374 (N 1111, 570 @e V) and 940 1 (S VI) ,  t h e  i n t e n s i t y  e s t i -  

mates i n  [lo] coinc ide  wi th in  t h e  l i m i t s  of  one order with ou r  

own e s t i m a t e s  Ll3 

work by Pecker  and Rohr l ich  ill]: 1058.7 (AI. X I I I ) ;  1048.9 ( S i  

VII); 952.4 (Si 1x1 
t i o n s  t h r e e  correspond t o  l i n e s  observed by V i o l e t t  and Rense [43 
and Hin te regge r  [3], and n o t  observed by us. They a r e  inc luded  i n  

t h e  Table  wi th  a p p r o p r i a t e  r e f e r e n c e s .  

f o r  35 gene ra l  l i n e s .  

Computations of  f o u r  co rona l  l i n e s  were g iven  i n  t h e  

and 658.7 (A X I I I ) .  O f  t hese  i d e n t i f i c a -  

Drawing a balance s h e e t ,  one may s t a t e ,  t h a t  on t h e  b a s i s  

o f  l i n e  p r e d i c t i o n  

o f  t h e  observed l i n e s  (most of them s t r o n g  l i n e s )  i n  t h e  r e g i o n  

of  t h e  spec t rum 60 - 1100 i, cou ld  be completed. However, t h e  

i d e n t i f i c a t i o n  of some 45 l i n e s  of weak i r t e n s i t y  i s  s u b j e c t  t o  

some doubt. Besides ,  appa ren t ly  about  20 w e a k  l i n e s  which a r e  

n o t  l i n e s  of  t he  I1 o r  111 o r d e r  o f  t h e  spectrum, o r  f a l s e  l i n e s ,  

remained u n d e n t i f i e d .  (Such l i n e s  are i n  t h e  spec t rogram o f  

V i o l e t t  and lZense -20,  may be t h e  fa l se  rlpeaksrl  i n  t h e  Hinteregger 

r e g i s t r o g r a m  t o o  1. It is  p o s s i b l e  t h a t  p a r t  of t h e s e  l i n e s  may 

be a s c r i b e d  t o  in t e rcombina t iona l  t r a n s i t i o n s ,  p r a c t i c a l l y  n o t  

cons idered  i n  El], and p a r t  of  t h e  l i n e s  could have been missed 

on  account  of an i n c o r r e c t  o r  of  i n s u f f i c i e n t l y  c o r r e c t  e s t i m a t e  

o f  t h e  i n t e n s i t y  of  l i n e s  (absence o f  knowledge of terms in i o n s ,  

imprec i se  va lues  f ,  imper fec t ion  o f  t h e  i o n i z a t i o n  and e x c i t a t i o n  

t h e o r y ) .  

made bu us i n  El], i d e n t i f i c a t i o n  of  about  180 

There fo re ,  b a s i c a l l y  a l l  t h e  l i n e s  were i d e n t i f i e d .  Bes ides ,  

a l a r g e  l i s t  of weaker l i n e s  is given.  Ii'heir o b s e r v a t i o n  must be 

t h e  a f f a i r  o f  a not  remote f u t u r e .  
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Fig .  2 shows a g r e a t  of r a t i o  I ( 3 )  / I(l) v a r i a t i o n  as a 

f u n c t i o n  of t h e  .isavelength f o r  r e l i a b l y  i c i e n t i f i e d  l i n e s  i n  t h e  

x250-1100 5; r e g i o n  of  the s p e c t r u e .  Although t h e r e  a r e  s e p a r a t e  

p o i n t s  which a r e  d e f l e c t e d  from t h e  mean cu rve  ( i n  F ig .  2 a s t r a i g h t  

l i n e  is drawn f o r  s i m p l i c i t y )  almost by one o r d e r  o f  magnitude, i n  

t h e  whole t h e  p o i n t s '  s c a t t e r i n g  remains w i t h  t h e  bounds o f  2 0.5 
o r d e r .  

* I  
ig rr.t 

I 1 7' ! 

Fig. ~2 

L e t  us  n o t e  t h a t  i n  t h e  r e g i o n  of  t h e  l i n e  LH, as e a r l i e r  

i n  t h e  r e g i o n  4100- 200 (F ig .  11, t h e  i n t e n s i t i e s  p r e d i c t e d  i n  

c11, a g r e e  we l l  w i t h  t h e  exper imenta l  data e33. A t  t h e  same t i m e ,  a 

s y s t e m a t i c  d e c r e a s e  o f  t h e  r a t i o  wi th  X is  observed. ' ( 3  ) ' '(1 1 

by us i n  El], c o n s i s t s  i n  t h a t  t h e  l i n c  i n t e n s i t i e s  of  t h e  vhole 

s h o r t a a v e  r e g i o n  o f  t h e  spec t rum were e s t i m a t e d  along t h e  l i m i t e d  

p o r t i o n  of t h e  spec t rum i n  t h e  r e g i o n  of t h e  L K  l i n e .  A t  t h e  same 

t i m e ,  t h e  cornljarison with t h e  expei5mentd.  d a t a  on t h e  i n t e n s i t y  of 

S u n ' s  X-ray r a d i a t i o n  ( s e e  F i g . 1 )  conf i rms  t h e  agreement o f  t h e  

The p e c u l i a r i t y  of  t h e  c d i b r a t i o n  method, which w a 6  proposed 

~ . ; ~ ~ ~ & ~ ~ ~  e- ,e rge t le  c s t l o z t e s  -,f i c t e p i t y  t < Z $  q u i t e  5 i f f e r e = t  

r e g i o n s  o f  t h e  spectrum: X-ray and u l t r a v i o l e t  i n  t h e  r e g i o n  of  LN 

and p rov ides  ev idence  o f  s u f f i c i e n t  a c c u r s c y  o f  t h e  e s t i m a t e s  o f  I 

i n  El]. d u r i n g  t h e  c o n s t r u c t i o n  o f  t h e  t r a n s i t i o n  Layer  Bodel,  i t  
w a s  shown i n  1121 t h a t  t h e s e  e n e r g e t i c  e s t i m a t e s  of t h e  i n t e n s i t y  

o f  Sun ' s  r a d i a t i o n  a l s o  agree  well  with t h e  c s t i m a t e s  o f  t h e  i n t e n -  

s i t y  o f  Sun ' s  r a d i o  emission i n  c e n t i m e t e r  and d e c i x e t e r  bands. 
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T h e r e f o r e ,  t h e  p o s s i b i l i t y  of conduc t ing  by i:!ay o f  t h e o r y  

a c o r r e c t  comparison of t h e  i n t e n s i t y  of  Sun ' s  r a d i a t i o n  i n  q u i t e  

d i f f e r e n t  s p e c t r a l  r e g i o n s  is  p r a c t i c a l l y  demonst ra ted ,  j u s t  as is  

t h e  r e l i a b l e  e s t i m a t e  o f  bun's r a d i a t i o n  f l u x  i n  t h e  e n t i r e  s h o r t -  

wave r e g i o n  of t h e  spectrum, which is impor t an t  €or  t h e  unders tan-  

d i n g  of i o n i z a t i o n  p r o c e s s e s  i n  t h e  Sun (chromosphere,  p r o t u b e r a n c e s )  

as w e l l  as i n  t h e  ionosphere  and i n  t h e  i n t e r p l a n e t a r y  medium. 

The v a r i a t i o n  wi th  t h e  wavelength of  t h e  r a t i o  I /I(1) ( 3 )  
n o t e d  i n  F i g . 2 ,  p o i n t s  t o  t h e  dependence on X of i n t e n s i t y  c a l i -  

b r a t i o n  e i t h e r  i n  E l l ,  or i n  c33. Inasnuch  as t h e  s y c t e m a t i c  v a r i a -  

t i o n  o f  l i n e s '  i n t e n s i t y  w i t h  t h e  wavelength f o r  t h e o r e t i c a l  e s t i -  

mates (which do n o t  depend on ;X b u t  on i o n i z a t i o n  p o t e n t i a l s )  a r e  

d i f f i c u l t  t o  e x p e c t ,  i t  i s  a p p a r e n t l y  l i n k e d  with t h e  v a r i a t i o n  o f  

s p e c t r a l  s e n s i t i v ' i t y  of t h e  apFara tus ,  n o t  accounted f o r  i n  c3]. 
According t o  Yig. 2 ,  t h e  s e n s i t i v i t y  of t h e  a p y a r a t u s  i n  t h e  250-  

500 is by 1-1.5 o r d e r s  l e s s  t han  w a s  admi t ted  i n  [ 3 ] .  The same 

v a l u e  i s  o b t a i n e d  i f  one compares F i g . 2  wi th  F i g . 1  f o r  con t iguous  

wavelength r e g i o n s  - 200 and - 300 A .  It is  p o s s i b l e  t h a t  t h e  abo- 
ve r e f e r r e d - t o  s e n s i t i v i t y  decrease  i n  t h e  250-500  r e g i o n ,  

where t h e  maximum of wa te r  vapors '  a b s o r p t i o n  is s i t u a t e d ,  i s  pro- 

voked by r a d i a t i o n  a b s o r p t i o n  i n  t h e  atmosphere l a y e r  s i t u a t e d  

under  t h e  r o c k e t  at t ime of spectrum r e g i s t r a t i o n ,  o r  is r e l a t e d  t o  

t h e  e f f e c t  of c o n s t r u c t i o n  e lements '  degass ing  n e a r  luminous beams. 

A similar d e c r e a s e  i n  l i n e  i n t e n s i t y  i n  t h e  r e g i o n  - 3 0 0  A by compa- 

r i s o n  w i t h  t h e o r e t i c a l  i n t e n s i t i e s  i s  observed i n  t h e  n i n t e r e g g e r  

e 

D 

sat- [3], fc r  it ic q u i t e  v.o-.,cihle t+t they  p r ; n i r e  t h e  y c c l l & i n w  
0 

of  a s u b s t a n t i a l  c o r r e c t i o n  f o r  Sun ' s  r a d i a t i o n  a b s o r p t i o n  i n  t h e  

a p p a r a t u s  . 
L e t  u s  now examine t h e  v i s u a l  e s t i m a t e s  o f  l i n e s '  i n t e n s i t y  

brou!;ht o u t  by V i o l e t t  and Rense c41. 
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Fig. 3 p r e s e n t s  a diagram of r a t i o  

f u n c t i o n  of i n  t h e  83- 1100 r e g i o n  f o r  r e l i a b l y  i n b e n t i -  
i (4)/I(1) v a r i a t i o n  as a 

f i e d  l i n e s .  The s c a t t e r i n g  of t h e  p o i n t s  around t h e  median cur- . ve is a l s o  b a s i c a l l y  w i t h i n  t h e  limits o f  one o r d e r ,  as i n  Fig. 2. 

The graph  of  F i g . 3  g i v e s  i n  e s sence  t h e  c a l i b r a t i o n  cu rve  f o r  

t h e  t r a n s f o r m a t i o n  o f  v i s u a l  e s t i m a t e s  of i , broughk o u t  i n  E43 
i n t o  e n e r g e t i c  ones.  P l o t t e d  also i n  t h e  graph  is t h e  c a l i b r a t i o n  

c u r v e ,  e a r l i e r  c o n s t r u c t e d  by us  [SI, on ly  by two p o i n t s  for t h e  

l i n e s  L, and He I1 304 1. The n e a r l y  t o t a l  co ikc idence  of t h i s  

curve  wi th  t h e  mean curve  f o r  t h e  300-1100 i s p e c t r u m  r e g i o n  

is ev idence  of  t h e  c l o s e n e s s  of c a l i b r a t i o n s  i n  

I n  t h e  r e g i o n  100 - 200 H both cu rves  d i v e r g e  s h a r p l y ,  whi le  

t h e  v a l u e s  of t h e  r a t i o  i ( 4 ) / I ( 1 )  r i s e  i n  t h e  examined r e g i o n ,  

which p o i n t s  t o  t h e  i n c r e a s e  i n  s e n s i t i v i t y ,  n e a r i n g  i t s  v a l u e  

f o r  w 1000 i**. A s i g n i f i c a n t  d iminut ion  o f  v i s u a l  e s t i m a t e s  o f  i 

by comparison wdth t h e  t h e o r e t i c a l  El) is  observed  i n  t h e  200- 

500 A r e g i o n  of t h e  spectrum, j u s t  as t h i s  happens for t h e  photo- 

e l e c t r i c  d a t a  on i n t e n s i t i e s  [31. T h i s  c o r r o b o r a t e s  t h e  e a r l i e r  

expres sed  o p i n i o n  t h a t  t h e  resu l te  o f  i n v e s t i g a t i o n s  of  Sun'e spec- 

t r u m  by means of r o c k e t s ,  conducted even a t  g r e a t e r  h e i g h t s  t h a n  

200 k m ,  a r e  burdened by absorption e f f e c t s  i n  t h e  atmosphere o r  i n  

t h e  a p p a r a t u s .  

and in [ll. 

0 

L e t  us b r i n g  f o r t h  c e r t a i n  consequences of t h e  conducted 

i d e n t i f i c a t i o n .  ?;e s h a l l  e s t i m a t e  t h e  flux o f  u l t r a v i o l e t  r a d i a -  

t i o n  in t h e  r e g i o n  o f  t h e  spec t rum x , < l l O O  l .  P r e s e n t e d  i s  i n  



Fig .  4 t h e  mean curve  of  t h e  s p e c t r a l  d i s t r i b u t i o n  o f  t h e  energy  

of  Sun ' s  l i n e  emis s ion  i n  t h e  r e g i o n  30 - 1100 A.  The p o i n t s  

of t h e  s t e p - l i k e  curve  of  F i g . 4  a r e  o b t a i n e d  by way of ave rag ing  

by wavelength i n t e r v a l s b h  = 50 t h e  emiss ion  energy o f  i d e n t i -  

f i e d  l i n e s  on ly ,  and t h e  c i r c l e s  - by ave rag ing  all t h e  theo re -  

t i c a l  l i n e s  compiled i n  t h e  Table. Insamuch as f o r  >. 400 bo th  

c u r v e s  c o i n c i d e ,  all s t r o n g  lines of t h a t  r e g i o n  o f  t h e  spec t rum 

a r e  b a s i c a l l y  i d e n t i f i e d  . 

0 

I I I I I I /0-* 
0 Iff0 200 30D 400 500 600 700 800 900 ID00 2 . d  

The energy  d i s t r i b u t i o n  i n  t h e  Sun ' s  shortwave r e g i o n  of  
t h e  spec t rum r e v e a l s  a maxinum i n  t h e  r e g i o n  200 - 450 wi th  

ene rgy  d e n s i t y  - 0.05 erg/cm s e c  0 1 ,  
l y  by t h e  upper part  of  t h e  t r a n s i t i o n  1ayer : In  t h e  spec t rum 

r e s i o n  

shor twave  r a d i a t i o n  i s  c o n c e n t r a t e d ,  be ing  equa l  t o  - 8erg/cm s e c  

a t  t h e  Ea r th .  

2 which i s  c o n d i t i o n e d  most- 

h = 200 + 450 i t h e  b a s i c  f r a c t i o n  o f  energy  of Sun ' s  
2 

Besides  t h e  p r i n c i p a l  maximum i n  t h e  200-450 

s e v e r a l  m a x i m a  may st i l l  be observed i n  t h e  wavelength r e g i o n s  

60 - 100, 550- 650, 
t o  n o t e  t h a t  accumula t ions  of s t r o n g  l i n e s  are indeed  v i s i b l e  i n  

H i t e r e g g e r  r eg i s tog rams  c 2 ,  31 f o r  t h e  i n d i c a t e d  wavelength re- 

g i o n s .  T c  sake t h e  spec t rum s t r u c t u r e  i n  t h e  r e g i o n  x (400 i 
more p r e c i s e ,  ave rag ing  w a s  e f f e c t e d  of l i n e s '  s t r e n g t h  by spec t ra l .  

i n t e r v a l s  A x  = 10  i ( i n d i c a t e d  by d o t s ) .  P a r t i c u l a r  i n t e r e s t  is 

r e g i o n ,  

750 -- '85O and 950 - 1050 1. It is i n t e r e s t i n g  
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. .  

aroused  by t h e  maximum i n  t h e  most extreme shortwave r e g i o n  

60-100 i, f o r  i t  cor responds  o n l y  t o  t h e  emiss ion  o f  c o r o n a l  

h i g h l y  i o n i z e d  i o n s .  It must be assumed t h a t  t h e  v a r i a t i o n s  o f  

c o r o n a l  emiss ion  du r ing  t h e  11-year  c y c l e  o f  s o l a r  a c t i v i t y  w i l l  

be r e f l e c t e d  most e f f e c t i v e l y  on t h e  s t r e n g t h  and t h e  p o s i t i o n  

p r e c i s e l y  of  t h a t  maximum i n  t h e  shortwave spec t rum of  t h e  Sun, 

whi le  emiss ion  v a r i a t i o n s  i n  the  t r a n s i t i o n  r e g i o n  a r e  b a s i c a l l y  

l i n k e d  with t h e  maximum i n  t h e  200 - 450 s p e c t r a l  r e g i o n .  

The energy emiss ion  i n  t h e  s p e c t r a l  r e g i o n  4 1100 i, 
t h u s  o f  t h e  whole extreme u l t r a v i o l e t ,  du r ing  t h e  p e r i o d  o f  s o l a r  

a c t i v i t y  maximum is  14.7 erg/crn2 s e c ,  p rovided  i t  is e s t i m a t e d  

o n l y  by i d e n t i f i e d  l i n e s .  I n  f a c t ,  t h e  l i n e  emiss ion  ene rgy  may 

be even somewhat g r e a t e r .  k r e l i m i n a r y  e s t i m a t e s  o f  t h e  t o t a l  energy  
2 made i n  [g], gave a va lue  from 10 t o  100 erg/cm s e c .  It i s  i n t e -  

r e s t i n g  t o  no te  t h a t  Al len  r eaches  t h e  same conc lus ion  L l O ] ,  t h a t  

t h e  i n t e n s i t y  of  s o l a r  extreme u l t r a v i o l e t  r a d i a t i o n  is much h i g h e r  

t h a n  t h a t  e a r l i e r  admi t ted  acco rd ing  t o  i o n o s p h e r i c  data  (-1 - 
0.1 e r g  cm2 s e c j .  According t o  Al len  L l O ] ,  t h e  aggrega te  i n t e n s i -  

t i e s  of the'  computed l i n e s  only  c o n s t i t u t e s  a va lue  g r e a t e r  t h a n  
2 s h o  

Y 5 erg/cm s e e .  The e s t i m a t e s  brought  o u t  i n  t h e  paper/!!hat t h e  

main p a r t  o f  Sun 's  shortwave (extreme u l t r a v i o l e t )  r a d i a t i o n  ene rgy  

i s  concen t r a t ed  t h e  l i n e  spectrum, and t h a t  i t  exceeds many t imes  

t h e  energy  o f  cont inuous  emission of t h e  t r a n s i t i o n  l a y e r  and o f  

t h e  co rona  [ 9 ] .  
There is a v a i l a b l e  a t  p r e s e n t  a s c a n t  m a t e r i a l ,  by means 

o f  which t h e  i l l iportant conclus ions  a6 r ega rds  t h e  energy of  Sun 's  

i o n i z i n g  r a d i a t i o n  cou ld  be compared. According t o  t h e  f i r s t  e s t i -  

mate by Hin te regge r  c23, t h e  emission energy i n  t h e  r e g i o n  X41040 A 

c o n s t i t u t e s  rv 8erg/cm s e c .  Liowever, l a t e r  he ob ta ined  i n  [3], 
on t h e  b a s i s  o f  more r e f i n e d  d a t a ,  A =  1 1 0 0 + 2 6 0  1, a va lue  of  - 1.3 erg/cm2 s e c .  It h a s  been shown above,  t h a t  t h e  e s t i m a t e s  of  

i n t e n s ' i t y  i n  t h e  maximum reg ion  o f  t h e  extreme u l t r a v i o l e t  were 

0 

2 
f o r /  



cons ide rab ly  under ra ted  by Hin te regge r ,  and f u l l y  accounted f o r  i n  

h i s  work c 3 ] .  Yherefore  a f u r t h e r  exper imenta l  vel  i f i c a t i o n  of 

t h e  conc lus ions  a r r i v e d  a t  above must be made. 

The new e s t i m a t e s  o f  t he  i n t e n s i t y  o f  solar r a d i a t i o n  i n  

t h e  shortwave reg ion  of t h e  spectrum (extreme u l t r a v i o l e t )  s e t  up 

anew t h e  problem of i o n k z a t i o n  of  t h e  chromosphere and of  of pro- 
tube rances  i n  t h e  Sun [17], of  t h e  i n t e r p l a n e t a r y  medium C18, 2 1  

and o f  t h e  E a r t h ' s  ionosphere .  In t h e  l i g h t  of t h e  new data on t h e  

s o l a r  extreme u l t r a v i o l e t  r a d i a t i o n ,  t h e  ques t ion  o f  ionosphere  

i o n i z a t i o n  w a s  t r e a t e d  i n  [13], t o  which t h e  r e a d e r  is  i n v i t e d  t o  
r e f e r .  

Conclusion was a r r i v e d  a t  i n  r e f e r e n c e  C93, t h a t  t h e  abun- 

dance o f  n i t r o g e n  i n  t h e  Sun is s i g n i f i c a n t l y  l e s s  ( abou t  30 t imes )  

t h a n  what was admi t ted  h e r e t o f o r e .  Recent ly  t h e  c u e s t i o n  of v a r i o u s  

e lements '  con ten t  i n  t h e  sun was r e v i z e d  anew i n  t h e  fundamental 

work by Goldberg,  MGller and Al le r  [14], accord ing  t o  which 

CN]/[H]= 10- , which is 2.5 t imes l e s s  t h a n  t h e  u s u a l l y  accepted  
v a l u e .  upon complet ion of t h e  work on i d e n t i f i c a t i o n ,  we are i n  a 

position t o  make t h i s  q u a n t i t y  more p r e c i s e .  

4 

,Idhe fo l lowing  n i t rogen  l i n e s  a r e  i n d i c a t e d  i n  t h e  T a b l e :  

765.1 (N IV); 764.4 (N III); 1084-1086 (I? 11); 9 9 0 - 9 9 1 . 6 ( ~  III); 
1238.8 (N VI; 922-923.5 (N IV); 916.0 (N 11); 687 (N IV); 1134.1- 
1135.0 (N I) .  Among t h e s e  l i n e s ,  t h e  f i r s t  t h r e e -  f o u r  m u l t i p l e t s -  

a r e  r e l i a b l y  i d e n t i f i e d .  I t  i s  e a s y  t o  see,  t h a t  t h e  t h e w r e t i c a l  and 

t h e  observed va lues  of  i n t e n s i t y  c o i n c i d e ,  if we a d m i t  cN]/[H] = 

= 3 
Thus, t h e  n i t r o g e n  con ten t  i n  t h e  Sun is 1 0  t imes  lovrer than  t h e  

i. e .  3 t imes  s m a l l e r  than  t h e  va lue  g iven  i n  CJ.~]. 

u s u a l l y  accepted  va lue .  li'he above i n d i c a t e d  V d U e C N ] / [ H I I =  3 10- 5 

w a s  u t i l i z e d  i n  t h e  work c13, 

neous ly  i n d i c a t e d  as be ing  la5. 
b u t  by au tho r s '  own f a u l t  was erro- 
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I n  a preceding  work by t h e  p r e s e n t  w r i t e r s  c 9 ] ,  
t h e  c o n c e n t r a t i o n  o f  n i t rogen  was b e l i t t l e d  by three  t i m e s  

y e t ,  because an unde r ra t ed  value of  t h e  i n t e n s i t y  of  t h e  l i n e  

1238.8 B w a s  u t i l i z e d ,  as brought  ou t  i n  r e f e r e n c e  ClS], 
and an o v e r r a t e d  va lue  was taken f o r  t h e  o s c i l l a t o r ' s  s t r e n g t h  

f o r  t h e  l i n e  h 765 t .  

I n s t i t u t e  of Applied Geophysics Entered  f o r  p u b l i c a t i o n  

on 2 September 1961. o f  t h e  
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for t h e  

NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

? f .  a L .I nC.7 2G - l - t  kiuguac Ayuc 

Fre l ighsburg  , que . ,  Canada 
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N. B. These plates were borrowed from t h e  a u t h o r ’ s  p r e p r i n t  of  

t h e  pape r  d e l i v e r e d  a t  Cospar meeting of May 1962, i n  Washington. 
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